The prevalence of hyperuricemia in patients with chronic kidney disease (CKD) is high, but the management is suboptimal under traditional treatment. This study was conducted to clarify whether febuxostat achieves better renal survival and patient outcome compared with traditional urate-lowering agents (ULAs). In total, 2,460 adults who had continuously received ULAs for at least three months before enrollment were investigated. Three groups were compared prospectively including non-conversion (n = 2,214), conversion (n = 206), and febuxostat first (n = 40). We evaluated laboratory changes, estimated glomerular filtration rate (eGFR) change, eGFR decline, renal survival, and all-cause mortality. The Cox proportional hazard risk analysis were also used for risk prediction. Multiple prescriptions for ULAs were found in both the non-conversion and conversion groups. However, improved median eGFR was noted in the febuxostat group (p < 0.001), median serum uric acid (SUA) level decreased from 9.45 to 6.7 mg/dL in the febuxostat group (p = 0.010), and median SUA decreased from 8.5 to 6.3 mg/dL in the conversion group (p < 0.001). Decline rate was retarded in the conversion (p = 0.050). Using the Cox proportional model, the multivariate analysis showed conversion group, young 
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The prevalence of hyperuricemia in patients with advanced chronic kidney disease (CKD) is high, but the management is often suboptimal under allopurinol treatment. The prospective cohort study aimed to assess the effectiveness of febuxostat, the new non-purine based-xanthine oxidase inhibitor, for CKD patients. Febuxostat had a beneficial effect on renal outcome and hyperuricemia in CKD patients. In summary, our results support the use of aggressive treatment with febuxostat in CKD patients. The major attribution is the effects measured to the urate lowering agent used and focuses on the serum uric acid achieved. Furthermore, the increase of uric acid before febuxostat use in febuxostat start group was accompanied with increase of estimated glomerular filtration rate (eGFR) resulting in restoring baseline level after febuxostat.
Introduction
Serum uric acid (SUA) over 4 mg/dL has been known as a deleterious pro-oxidant effect in metabolic syndrome and type 2 diabetes patients (Hayden & Tyagi, 2004) . Hyperuricemia is a strongly risk factor to be associated with cardiovascular disease, all-cause mortality, and renal outcome in a longterm follow-up study (Alderman, Cohen, Madhavan, & Kivlighn, 1999; Bos, Koudstaal, Hofman, Witteman, & Breteler, 2006; Brand, McGee, Kannel, Stokes, & Castelli, 1985; Liu et al., 2012) . Febuxostat, a newly non-purine-based selective xanthine oxidase inhibitor has been proven to be safe and effective for decreasing SUA levels (Faruque et al., 2013) . Phase III randomized control trials, including the APEX (Allopurinol-Placebo-controlled Efficacy study of febuxostat), FACT (Febuxostat vs. Allopurinol Controlled Trial) , and CONFIRMS studies, lasting 6-12 months were used to evaluate the treatment efficacy in subjects with baseline serum UA ≥10.0 mg/dL (approximately 40%) who reached SUA levels <6.0 mg/dL with respect to size of the tophus, gouty attack, and adverse events (Becker et al., 2005; Schumacher et al., 2008) . Two open-label extension studies (Febuxostat Open-label Clinical trial of Urate-lowering efficacy and Safety, FOCUS and Febuxostat Comparative Extension Long-term study, EXCEL) were also designed to follow up urate-lowering efficacy in patients with normal renal function or CKD patients treated with febuxostat for 3-5 years ). The supposed lack of efficacy of uricosurics in CKD is attributed to hyperuricemia-related primary arteriolopathy of the preglomerular renal vasculature and partly atrophic proximal tubules (PTs). The traditional uricosuric agents, such as benzbromazone or probenicid, were not suitable for advanced CKD owing to the lack of viable URAT1 transporters or organic anion transporters in the atrophic PTs (Gibson, 2002; Mazzali et al., 2002) . However, the reduced GFR, which is more often considered the reason and identical phenomena if the PTs is associated with still working glomeruli are not atrophic. Until now, it remains unclear what effects febuxostat had on changes in renal function.
Serum uric acid is commonly elevated in subjects with CKD , and its secondary effect contributes to progression of renal and non-renal disease (Johnson et al., 2013; Park et al., 2011; . To date, few clinical interventional trials for hyperuricemia in CKD patients have been conducted, partly because no new drugs for treating patients with hyperuricemia have been developed. We therefore conducted an observational study with three groups of patients, including non-conversion, drug conversion, and febuxostat first. We assessed the association of different effects of urate-lowering drugs (ULAs) on SUA levels, eGFR decline rate, renal survival, and patient survival to clarify whether febuxostat was superior to traditional ULAs in reducing CKD progression.
Materials and methods

Study design and populations
Using administrative data from the Chronic Kidney Disease division of the Bureau of Health Promotion, Department of Health, R.O.C. (CKDBHPDH), we retrieved the medical records of all CKD patients (n = 6,821) who had serial SUA and collected related laboratory findings. Febuxostat was approved for use in treating hyperuricemia and gout history in our hospital on June 15, 2013. In total, 2,460 cases were eligible to receive ULAs and at least three tests of SUA were conducted before inclusion in the study, irrespective of grouping, in June, 2013 (Figure 1 ). The exclusion criteria were as follows: fewer than three tests of SUA before inclusion, hyperuricemia without regular treatment, refusal to provide informed consent, and difficulty adhering to visits. The follow-up period was from June 15, 2013 to October 1, 2014. We divided these patients into three groups, including the nonconversion group (always traditional ULAs, n = 2,214), drug conversion group (shifting traditional ULAs to febuxostat, n = 206), and febuxostat first (n = 40). This study was approved by the Institutional Review Board of Taichung Veterans General Hospital (No. CE12252, CE12252-1, CE12252-2, and CE12218). Written informed consent was given by participants (or next of kin/ caregiver in the case of children) allowing their clinical records to be used in this study, and consent in each case was obtained before the patient's information was anonymized and de-identified prior to analysis. Besides, all participants were consenting for simply follow-up. SUA level was obtained by averaging all measurements, once per month for three months, before the study began. The same calculation was applied for median values of SUA data in the conversion point and after the conversion. For each patient, the eGFR was calculated by two equations: (1) a 4-variable composite index (serum creatinine, age, race, and gender)-Modification of Diet in Renal Disease (MDRD) equation (Park et al., 2011; Smith, Díaz-Torné, Perez-Ruiz, & March, 2010) accompanied with linear regression analysis, (2) Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 2009 equation (Levey et al., 2009; Matsushita et al., 2012) . If a patient had at least three outpatient eGFR measures in a specified interval, the eGFR decline for the corresponding group would be used. Analyzed data included chronic diseases, serial laboratory results, and effects of different ULAs. We investigated the primary outcomes, with respect to retardation of renal function progression, eGFR decline, renal survival, and patient death, were better following febuxostat treatment or a conversion prescriptive pattern compared with traditional ULAs.
Statistical analyses
Proportions for categorical variables were analyzed using the Pearson χ 2 test. Descriptive analysis was summarized by mean ± standard deviation and differences were tested by one-way ANOVA if the normality assumption was satisfied, or by Kruskall-Wallis test when the normal assumption was violated. A multiple imputation method was used to estimate the missing values for SUA, serum creatinine, and eGFR (Haririan et al., 2011; Little & Rubin, 2002) . Normality of continuous variables was tested using the Kolmogorov-Smirnov method. The power was tested with population mean and number of cases in the relatively small group of patients. The median tested laboratory data for events of interest were analyzed by non-parametric sample t test. Regression models for eGFR decline using ordinary least-squares regression of the corresponding values were used for analyses (Al-Aly et al., 2010; Coresh et al., 2014; Levin, Djurdjev, Beaulieu, & Er, 2008; Matsushita et al., 2009 ). Finally, Cox proportional hazard analysis was used for risk prediction. Analyses were performed using the Statistical Package for the Social Sciences (version 15.1; SPSS, Inc., Chicago, IL, USA). Table 1 shows the baseline characteristics of the recruited patients. Patients in the non-conversion group were older (69.9 ± 15.8) than those in the other two groups, p < 0.001). The percentage of diabetes mellitus was high (p = 0.004) and abnormal body mass index (BMI) was also high in the febuxostat first group vs. the other two groups (p = 0.042). SUA level was high 9.2 ± 1.6 mg/dL in the febuxostat group. Serum blood urea nitrogen (p = 0.034) and creatinine (p = 0.001) were high in the conversion group among these three groups. Duration of drug exposure revealed median 2.1 [interquartile range (IQR): 1.0-3.9] years in non-conversion group, 3.2 (IQR: 1.4-4.8) years in conversion group, and 0.5 (IQR: 0.0-2.5) years in febuxostat first group.
Results
Patient characteristics
The characteristics of urate-lowering agents (ULAs) prescription
Most patients had more than one ULAs (e.g. uricosuric agents or allopurinol) in the non-conversion and conversion groups (Table 2) . Colchicine, which is more likely used in these patients for prophylaxis either chronically or when initiating urate lowering therapy, was also frequently used in the non-conversion group (39.7% patients; dose: 0.5 ± 0.1 mg/day) and conversion group (74.8% patients; dose: 0.5 ± 0.1 mg/day). However, frequency of colchicine use was less marked in the febuxostat group (5.0% patients; dose: 0.5 ± 0.0 mg/day). Patients were maintained on a daily dose of around 40 mg febuxostat during the follow-up period, while 3.3% patients had their dosage of febuxostat increased from 40 to 80 mg/day in the long-term follow-up (data not shown).
Effect of different groups of patients on serum uric acid, eGFR change, and eGFR decline
In the conversion group, median SUA level improved from 8.5 to 6.3 mg/dL (p < 0.001) after drug conversion. The first use of febuxostat group was also found to have significantly reduced median serum UA level from 9.45 to 6.7 mg/dL (p = 0.010) (Figure 2A ). With respect to eGFR change ( Figure  2B ), the analysis using the MDRD equation showed no change in the conversion group. However, there was significant improvement in eGFR in the first use of febuxostat group, with an increase from 23.1 to 28.7 ml/min/1.73 m 2 (p < 0.001). But in the analysis using the CKD-EPI equation, there was still no improvement in eGFR in the conversion group. There was near borderline significant improvement in eGFR in the febuxostat first group, with an increase from 22.5 to 24.6 ml/min/1.73 m 2 (p = 0.084).
For eGFR decline (Figure 3 ), a reduction in eGFR decline was noted in the conversion group (n = 100, eGFR decline in MDRD equation, p = 0.050; eGFR decline in CKD-EPI equation, p = 0.050) and the febuxostat first group (n = 15). There was limited change in eGFR decline in the non-conversion group (n = 725). Furthermore, due to the small sample size of the febuxostat group (n = 15), the statistical power was only 12.7%. Therefore, for the significance to be meaningful, a sample size of at least 161 would be needed to obtain a statistical power of 80% in the febuxostat group.
Variables associated with death and development of end-stage renal disease (ESRD)
Factors affecting the development of end-stage kidney disease (Table 3) were analyzed and results showed that a beneficial effect was found in the conversion group [adjusted hazard ratio (HR) = 0.51, 95% confidence interval (CI) = 0.39-0.69] in terms of reduced CKD progression to ESRD when compared with the other group (non-conversion group). It was not possible to demonstrate a beneficial effect in terms of reduced ESRD in the febuxostat group owing to the small number of cases and short-term follow-up. Some older patients did not progress to dialysis as they had already died. Among those with initial high eGFR, few of them developed ESRD. Other traditional risk factors for progression to ESRD were diabetes mellitus, cardiovascular disease, hyperlipidemia, anemia, gouty attack, and abnormal BMI.
In regard to overall survival (Table 4) , we found that although the conversion group had low HR = 0.04 and 95% CI = 0.00-0.75 (p = 0.031), the usage of any ULAs had no significant effect. Allcause mortality was clearly related to traditional risk factors, such as old age, diabetes mellitus, malignancy, high hematocrit, and low serum albumin (Table 4) .
Discussion
In this study, we have demonstrated for the first time that conversion prescription and use of febuxostat alone or first had a beneficial effect in terms of reducing CKD progression in patients with hyperuricemia. We not only demonstrated for attributing the effects on the urate lowering agent used, but also focusing on the serum uric acid achieved. The febuxostat and conversion groups had a beneficial effect in terms of reducing CKD progression in patients with hyperuricemia. It is noteworthy that the aforementioned groups had greatly improved SUA level. The febuxostat and conversion groups exhibited reduced eGFR decline regardless of the method of calculation (MDRD or CKD-EPI equation). Both the use of febuxostat alone or first group and the conversion group showed reduced high serum uric acid level. In addition, the conversion group showed retarded CKD progression to ESRD after adjusting for multiple variables (adjusted HR = 0.51, 95% CI = 0.39-0.69). However, the death rate was not changed, irrespective of prescriptive pattern, because of the short-term follow-up.
Hyperuricemia could be the result of multifactor interactions including gender, age, renal function, genetic factors, and environmental factors (Liu et al., 2011; Vázquez-Mellado, Alvarez Hernández, & Burgos-Vargas, 2004) . Several well-known factors, such as male gender, racial difference (in Asia, the overall prevalence ranges from 0.1% in Vietnamese and Japanese populations to 11.7% in the Taiwanese aboriginal population), immunosuppressant drugs (cyclosporine therapy), use of diuretics, and the high prevalence of metabolic syndrome were reported (Smith et al., 2010) . Although several studies (Akimoto et al., 2014; Doghramji & Wortmann, 2012; Jalal, Chonchol, Chen, & Targher, 2013) reported the efficacy of treatment strategy, treatment of hyperuricemia in patients with CKD or non-CKD and asymptomatic hyperuricemia or intermittent gouty attack was often suboptimal (Doghramji & Wortmann, 2012; Jalal et al., 2013) . This may be explained at least in part in the general population and in early or advanced CKD patients by allopurinol-related skin rash or lethal Steven-Johnson syndrome (Somkrua, Eickman, Saokaew, Lohitnavy, & Chaiyakunapruk, 2011;  There is also recent concern that uricosurics might worsen disease due to uricosuria, such as in the recent lesinurad trials (Kenneth et al., 2014) . An observational study assessed the effectiveness of febuxostat for reducing progression of CKD in conversion to febuxostat or first use of febuxostat cases. Uric acid is associated with metabolic syndrome and traditional risk factors, and is strongly associated with two major outcomes, namely, death and ESRD. The febuxostat and conversion groups are associated with amelioration of eGFR decline, and even the conversion group showed a decrease in the incidence of ESRD to 49% in CKD patients. Thus, the data demonstrate that febuxostat has a lowering effect on serum uric acid level. Death rate was not reduced after febuxostat alone or conversion to febuxostat due to the shortterm period of study. The long-term effects on rates of death and ESRD require further study.
Previous studies claimed that febuxostat could be used without dose change in patients with eGFR 5-59 ml/min per 1.73 m 2 and serum uric acid ≥8.0 mg/dL. If no improvement was found within two weeks, doctors could change 40 to 80 mg/day (Garcia-Valladares, Khan, & Espinoza, 2011). The possible mechanism of amelioration of eGFR decline may be due to a secondary effect such as improved endothelial function . From the pathological view of hyperuricemia, renal insufficiency predisposes individuals to a higher SUA concentration, as demonstrated in hyperuricemic rats with remnant kidney (Garcia-Valladares et al., 2011) . Interestingly, the hyperuricemic animals developed hypertension and microvascular disease, according to the pathological finding of arteriosclerotic lesions (Kalantar, Khalili, Hossieni, Rostami, & Einollahi, 2011; Kang et al., 2002; Nakagawa et al., 2006) . Several large interventional trials were designed for the phase II long-term extension study (FOCUS) of normal renal function or CKD patients . Other prospective cohort studies assessed the effectiveness of febuxostat, the new non-purine based-xanthine oxidase inhibitor, for treatment of advanced CKD patients and high SUA (Hosoya et al., 2014) . The 2012 American College of Rheumatology gout guidelines recommended that the target of therapeutic approaches for hyperuricemia is SUA <6 mg/dL, and both allopurinol and febuxostat could be considered as equivalent first-line drugs (Khanna et al., 2012) . Phase III studies in APEX, FACT, and CONFIRMS were used to evaluate the proportion of subjects with SUA <6.0 mg/dL at the final visit based on an analysis of renal function (Becker et al., 2005; Schumacher et al., 2008) . Although limited clinical interventional trials for hyperuricemia have been conducted, our study revealed that Notes: Our data were mostly calculated by the Wilcoxon sing rank test using values for start drug and after drug. The Friedman test was not used for repetitive three tests in one person. The p-value of the febuxostat group is not shown because of the low power of analysis.
conversion to febuxostat and febuxostat only had beneficial effects. There were also some traditional risk factors for CKD progression, including diabetes mellitus, cardiovascular disease, hyperlipidemia, anemia, gouty attack, and abnormal BMI.
The limitations in this study were the study design, which employed a non-randomized control approach, and the relatively short duration of follow-up. However, the aim of the present study was to investigate the improvement in treatment with respect to the reduction in CKD progression and severe hyperuricemia in CKD patients. There is also some critical problems in this study. First, few numbers were enrolled in febuxostat group and only 15 patients had laboratory results such as creatinine and uric acid level. Secondly, the increase of uric acid before febuxostat use in febuxostat start group was accompanied with increase of creatinine or eGFR resulting in restoring baseline level after febuxostat. This might be associated with acute renal injury instead of CKD progression at the time of initiation of febuxostat. Thirdly, we do not adjust the duration of drug exposure in our Cox proportional Hazard analysis due to great difference of individual medication (urate-lowering agents) interval. If those duration of drug exposure were the same, the change of uric acid, creatinine and eGFR might be similar in the conversion and febuxostat first groups. Therefore, the change of eGFR and creatinine in conversion group might be useful to evaluate the effectiveness of febuxostat on renal function by decreasing uric acid level, compared with febuxostat start group. Furthermore, eGFR change in CKD patients is variable according to underling etiology to provoke CKD. There was no detail of underlying disease. Further studies with a large population and longer duration will be helpful for providing further evidence of the beneficial effects of febuxostat in early or advanced CKD patients and even in non-CKD patients. The long-term effects of febuxostat on death and ESRD need to be clarified.
In conclusion, our study provides evidence that the urate-lowering effect of febuxostat was associated with significant improvement of eGFR in CKD patients. These results support the aggressive treatment of hyperuricemia by febuxostat in CKD patients. 
